RD-M(7  4S2 


UNCLASSIFIED 


RECOHPRESSION  FACILITIES  PREFERRED  DESI8H  AND 
CONSTRUCTION  PRACTICESIU)  (MVAL  FACILITIES  EHQINEERINO 
COHNAND  HASHINOTON  DC  CHESAPEAKE  DIV  14  JUL  82 
CHES7NAVFAC-FP0-1-82<18>  F/G  6/12 


m  Bit  COa  AD-A167  482 


iV 
% 


<v% 


library 


fC'* 


'  i  ''A 


Recompression  Facilities 

«»«4>**** 

Preferred 

Design  &  Construction 
Practices 

FPO-1-82(10) 


Ocean  Engineering 


CHESAPEAKE  DIVISION 
NAVAL  FACILITIES  ENGINEERING  COMMAND 
WASHINGTON  NAVY  YARD 
WASHINGTOJ,  DC  20374 


BSHOIiliil 

r" 


ON  statemewt  a 
fgi  paUHe  nIaOMI 


I 


D 


^  22  01^ 


H  'X2  Ol^ 


t 


!  Unclassified 


SECURITY  CLASSIFICATION  OF  THIS  PAGE _ 

_ REPORT  DOCUMENTATION  PAGE 


la.  REPORT  SECURITY  CLASSIFICATION  lb.  RESTRICTIVE  MARKINGS 

Unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY  3.  DISTRIBUTION  AVAILABILITY  OF  REP. 

Approved  for  public  release: 

_ distribution  is  unlimited _ 

2b.  DECLASSIFICATION/DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER  5.  MONITORING  ORGANIZATION  REPORT  # 
FPO-1-82{10) 

6a.  NAME  OF  PERFORM.  ORG.  6b.  OFFICE  SYM  7a.  NAME  OF  MONITORING  ORGANIZATION 

Ocean  Engineering 

&  Construction 

Project  Office 

CHESNAVFACENGCOM 

6c.  ADDRESS  (City.  State,  and  Zip  Code)  7b.  ADDRESS  (City.  State,  and  Zip  ) 
BLDG.  212.  Washington  Navy  Yard 

Washington.  D.C.  20374-2121 _ 

8a.  NAME  OF  FUNDING  ORG.  8b.  OFFICE  SYM  9.  PROCUREMENT  INSTRUMENT  INDENT  # 


8c.  ADDRESS  (City,  State  &  Zip)  10.  SOURCE  OF  FUNDING  NUMBERS _ 

PROGRAM  PROJECT  TASK  WORK  UNIT 
ELEMENT  #  #  #  ACCESS  # 


11.  TITLE  (Including  Security  Classification) 

Recomptession  Facilities:  Preferred  Design  &  Construction  Practices 

12.  PERSONAL  AUTHOR (S) 

13a.  TYPE  OF  REPORT  13b.  TIME  COVERED  14.  DATE  OF  REP.  (YYMMDD)  15.  PAGES 

_ FROM _ TO _ 82-07-14 _ 42 

16.  SUPPLEMENTARY  NOTATION 


17 . _ COSAT  I  CODES _  18.  SUBJECT  TERMS  (Continue  on  reverse  if  nec.) 

FIELD  GROUP  SUB-GROUP  Hyperbaric  chambers.  Recompression 

_  facilities 


19.  ABSTRACT  (Continue  on  reverse  if  necessary  &  identify  by  block  number) 


20.  DISTRIBUTION/AVAILABILITY  OF  ABSTRACT  21.  ABSTRACT  SECURITY  CLASSIFICATION 

SAME  AS  RPT. _ 

:  22a.  NAME  OF  RESPONSIBLE  INDIVIDUAL  22b.  TELEPHONE  22c.  OFFICE  SYMBOL 

•  Jacqueline  B.  Riley _ 202-433-3881 _ 

DD  FORM  1473.  84MAR  SECURITY  CLASSIFICATION  OF  THIS  PAGE 


Table  of  Contents 


General 

System  Operational  Requirements 

USN  Trfo  Lock  Aluminun  Chariber 
USN  Two  Lock  Steel  Qianber 

System  Operationcil  Description 

Air  Pressurization  Schematics 
Built-In  Breathing  System  Schematics 
Pressure  Reduction  Station  Schematics 

Piping  Design,  Constructicai,  Cleaning  and  Inspection 
Guidelines 

Qualification  for  Use  of  Existing  Equiprent 

Chamber  QA  Check-Off  List 

Piping  QA  Check-Off  List 

Test  Dive  Scenarios 

Calculation 

Two  Lock  Aluminun 
TV)o  Lock  Steel 


CHESNAVFACENQCCIM 

FPO-IHF 

14  July  1982 


Section  I 
General 


1.  The  U.S.  Navy's  shore  establishment  includes  nore  than  fifty  Reconpression 
Facilities  (RF).  ibe  RFs  are  used  for  the  treatment  of  divers  that  have 
suffered  an  accident  resulting  in  the  bends,  embolism  or  other  medical  problems. 
Ibe  U.S.  Navy  Diving  Manual,  change  2,  dated  June  1978  obtains  diving  profiles 
for  the  treatment  of  these  medical  problems.  In  addition  scjroe  design  criteria 
are  cited  for  the  RFs. 

2.  CHESNAVFACENGOOM  is  tasked  to  provide  the  design,  construction  and  faci¬ 
lities  management  of  shore-based  Hyperbaric  Facilities  of  which  RFs  are  a  part. 
This  document  contains  a  sumnation  of  preferred  practices  in  the  design  and 
ccxistructicxi  of  RFs.  Ibe  cited  practices  are  a  product  of  CHESNAVFACENGCEM 
experience  in  the  design  and  construction  of  many  types  of  hyperbaric  facilities 
Ihe  recommended  schematics,  materials  and  construction  methods  are  among  many 
that  are  acceptable  eind  certifiable.  Ttiese  practices  however,  ccxistitute  good 
advice  that  is  the  product  of  many  "lessons  learned". 

3.  ^s  are  conposed  of  chambers,  piping,  ooninunications,  lighting  and 
electrical  power  systems.  As  of  this  writing,  piping  systems  for  currently 
existing  U.S.  Navy  standard  two  lock  ciluminum  and  steel  chambers  are  discussed. 
Subsequent  issues  of  this  document  will  contain  communication,  lighting  and 
electrical  power  systems  data^. 

4.  Ihe  technical  data  in  thi^  report  conforms  to  the  treatment  tables  and 
technical  requirements  of  the  Diving  Manual  as  a  minimum.  All  characteristics 
cited  are  calculated  to  provide  RFs  that  can  perform  the  treatment  tables. 
Further,  the  systems  described  herein  are  designed  for  fail-safe  operation, 
that  is,  the  failure  of  a  system  to  function  that  results  in  risk  to  the  chamber 
occupant  is  backed  vp  by  a  totally  independent  capability.  These  guidelines  are 
written  in  view  of  the  fact  that  a  majority  of  this  type  of  work  is  accomplished 
by  coninercial  contracts.  Therefore,  ooirmercial  standards  (ie.,  ANSI  B31.1)  are 
cited  rather  than  Military  Standards. 


*o(.-  (.1  i  oil  II 

SYSTEM  OPERATIONAL  RVQUIREMENTS 

U.S.  NAVY  -  STANDARD  TWO  LOCK  ALUMINUM 
RECOMPRESSION  CH/^BER 

NSN  2H-I4220-00-5W-2785 

Developed  in  accordance  with  the  U.S.  Navy  Diving  Manual  Change  2  dtd  June  1978. 

A  .  RBOOMPRESSION  CHAMBER 


a  .  Maximum  Allowable  Working  Pressure:  100  psig 
b  .  Volume 

1.  Inner  lock;  136  ft^ 

2.  Outer  Lock  :  65  ft  ^ 

c  .  IXipth  :  0-225  fsw 

d  .  Dive  Rates 

1.  Inner  lock:  60  fsw/min  6ji  165  fsw;  25  fsw/min  @  165  fsw 
.  Outer  Lock:  I65  fsw/min  W  165  fsw 


.  Ascent  Rates 


.1 .  Inner  Lock  :  fsw/itiin  @  60  fsw;  10  fsw/min  @  10  fsw;  1  fsw/htin  @ 


2.  Outer  lock:  60  fsw/min  y  10  fsw 


f.  Ventilation  Rato  (either  lock):  70  scf/Vnin. 


B  .  HIGH  PRESSURE  AIR  SYSTEM 


a  .  Maximum  Operating  Pressure.-  3000  psig 


3  .  Minimum  Operating  Pressure:  1000  psig 


c  .  Maximum  Operating  Flow  Rate:  365  scf/nin. 


d  .  Storage  Capacity 


..  Primary:  3012  scf 


2.  Secondary:  3501  scf 
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e  .  Storage  Recharge  Rate 

(primary  storage)  3  hours 

f  .  Suggested  Pipe  Size: 

1"  NPS  (Nominal  Pipe  Size) 

c  . 

LOW  PRESSURE  AIR  SYSTEM 

a  .  Maximum  Operating  Pressure:  350  ps  i  g 


b  .  Minimum  Operating  Pressure:  250  ps  i  g 
c  •  Maximum  Operating  Flow  Rate:  365  scf/min. 
d.  Volume  Tank  Capacity:  16  ft^,  water  volime 
G •  Suggested  Pipe  Sizes  (up  to  100'  length) 

1.  Pressurization  (both  locks);  )” 

2.  Inner  Lock  Vent:  1  I/^''nps 


3.  Outer  Lock  Vent:  2"  nps 


f .  Air  Flow  LP  Air  Compressor:  70  scf/kin. 

g.  Air  Temperature  LP  Air  Compressor:  90°F  maximum 


D  .  OXYGEN  SYSTEM 


a . 

Maximum  Storage  Pressure  :  3000  psig 

b. 

Minimum  Storage  Pressure  :  1000  psig 

c. 

Low  Pressure:  350  psig 

d. 

Storage  Capacity: 

1038  scf 

e. 

Supply  Flow  Rate 

:  21.7  scf/min. 

f. 

Vent  Flow  Rate  : 

22  scf/min.  using  overboard  dump.  180  scf/nin.  inter¬ 
rupted  vent.  No  dtmp. 
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Sect  ion  II 


SYSTEM  OPERATIONAL  R)S}UIREMENTS 


STANDARD  NAVY  TWO  LOCK 
STEEL  RECOMPRESSION  CHAMBER 

NSN  2H-i4220-00-368-33^6 

The  data  listed  is  in  accordance  with  the  U.S.  Navy  Dive  Manual  Change  2  dtd 
June  1978. 

A  .  RBOCMPRESSION  CHAMBER 


a. 

Maximum  Allowable  Working  Pressure  : 

200  psig 

b. 

Volume 

1.  Inner  Lock  :  335 

ft3 

2.  Outer  Lock  ;  II47 

ft^ 

c. 

Depth:  0-i*50  fsw 

d. 

Dive  Rates 

Inner  Lock:  oO  fsw/min  @  165  fsw;  25  fsw/min  @  165  fsw 


2.  Outer  Lock:  I65  fsw/min  @  165  fsw 


e.  Ascent  Rates 


Inner  Lock:  26  fsw/min  @  60  fsw;  10  fsw/min  (?  10  fsw;  1  fsw/Win  @  10  fs 


2.  Outer  Lock:  60  fsw/min  10  fsw 


f.  Vontilation  Rato  (either  lock);  70  scf/min. 


HIGH  PRESSURE  AIR  SYSTEM 


a  •  Maximum  Operating  Pressure  :  3000  psig 


b  . 

Minimum  Operating  Pressure  : 

1000  psig 

c  . 

Maximum  Operating  Flow  Rate  : 

875  scf/min. 

d  . 

Storage  Capacity 

1.  Primary  :  662^4  scf 

2.  Secondary  :  8225  scf 
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e. 

storage  Recharge  Rate:  (Primary  storage)  3  hours 

f- 

Suggested  Pipe  Size:  1  1/^*"  nps  (Nominal  Pipe  Size) 

c  .  liOW  PRESSURE  AIR  SySTEM 

3  • 

Maximum  (Operating  Pressure:  450  psig 

b. 

Minimun  Operating  Pressure :  350  ps i g 

c. 

Maximiun  Operating  Plow  Rate:  803  scf/^in. 

d. 

3 

Volume  Tank  Capacity:  16  ft,  water  volume 

C'  , 

Suggested  Pipe  Sizes  (up  to  100'  length) 

1.  Pressurization  (both  locks) :  1  nps 

2.  Inner  Lock  Vent:  2"  nps 

3.  Outer  Lock  Vent:  2  1/2"  nps 

f. 

Air  Flow  LP  Air  Compressor  :  70  scf/min. 

g* 

Air  ‘I'emperature  LP  Air  Compressor:  90°F 

D.  OXYGEN  SYSTEM 

a. 

Maximum  Storage  Pressure:  3000  psig 

b. 

Minimum  Storage  Pressure  :  1000  psig 

c. 

Low  Pressure  :  350  psig 

d. 

Storage  (Capacity:  2500  psig 

o. 

Supply  Flow  Rate  :  2  1.7  scf/min. 

f. 

Vent  Flow  Rate  :  scf/min.  with  overboard  dunp.  182  sef/ndn.  inter- 

- ^ _ rupted  vent.  No  diarp  system. _ 
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Section  111 

System  Operational  Description 


1.  AIR  PRESSURIZATION  SySTEM  (APS): 

1.1  The  recoirpression  chamber  is  pressurized  emd  ventilated  by  means 
of  the  APS.  ‘Rie  APS  consists  of  high  pressure  and  low  pressure  air  systems 
with  ooivpression,  storage  and  distribution  capability. 

1.1.1  Ihe  High  Pressure  Air  System  (ocnpressors,  filters,  moisture 
separator,  etc.)  consists  of  primary  and  secondary  subsystems  that  are 
totally  independent  of  each  other.  Both  ^sterns  are  to  be  charged  to  maxi- 
mun  curating  pressure  prior  to  ooitinencing  a  dive. 

1.1. 1.1  Primary  high  pressure  air  system  is  for  the  initial  pressuri¬ 
zation  of  the  chamber.  The  storage  volume,  ooirponent  and  piping  sizes  are 
calculated  to  meet  required  pressurization  rates  and  frequency.  Once  the 
chamber  has  been  pressurized,  a  brief  period  of  ventilation  (approximately 
2  minutes) ,  while  maintaining  depth,  is  accomplished  to  reduce  heat  in  the 
chamber  due  to  compression.  Ihe  primary  system  is  then  secured  until  needed 
for  additional  compressions  such  as;  excursions  of  the  outer  lock  to  relieve 
attendants  or  repressurization  of  the  chamber. 

1.1. 1.2  Secondary  (Stand-by)  high  pressure  air  system  is  for  the 
purpose  of  si^iplying  emergency  back-up  air  should  oonponent/systan  failure 
occur  or  the  need  of  an  emergency  breathing  air  source  become  necessary. 

The  secondary  system  is  totally  independent  of  the  primary  system;  failure 
or  oontamination  of  the  primary  system  will  not  ijipact  the  operability  of 
the  secondary  system.  The  system  contains  sufficient  stored  air  to  conduct 
the  first  30  minutes  of  a  table  6A  including  two  outer  chamber  "elevator" 
dives  to  165  fsw.  The  secondary  system  shall  be  charged,  and  a  certified 
air  analysis  made.  The  system  shall  not  be  used  until  an  emergency  arises. 

1.1.2  lew  pressure  air  system  (compressor,  coolers,  filters,  moisture 
separators,  purifiers  and  volume  tank)  is  a  source  of  air  for  ventilation  as 
required  to  reduce  002  and  O2  (if  overboard  durp  not  in  use)  build  up  in  the 
chamber.  The  low  pressure  air  stpply  is  put  on  line  after  pressurization, 
then  used  Airing  the  decompression  schedule. 


2.  VENT  SYSTEM: 

2.1.  The  vent  system  is  the  mecins  of  exhausting  gases  out  of  the 
chamber,  away  from  manned  operating  areas.  In  doing  so,  the  vent  system 
is  required  bo  ocxitrol  two  functions. 


CHESNAVFACEMC300M 

FPO-IHF 

14  July  1982 


2.1.1  Control  of  Ascent  Rates.  Hie  vent  system  valving  is  capable 
of  accurately  controlling  all  required  ascent  rates  at  respective  depths. 

2.1.2  Hie  vent  system,  by  means  of  the  flow  meter  and  necesscury 
valving  is  capable  of  controlling  and  gauging  the  required  ventilation 
rates  at  various  decompression  stops  in  order  to  prevent  CO^/Oj  build-up. 


3.  BUILH-IN  BREAHONG  SYSTEM  (BIBS) : 

3.1  Oiq^en  is  supplied  by  means  of  replacable  oxygen  cylinders.  Hie 
ojq^en  cylinders  may  be  interch^ed  during  operation.  The  hand  loaded 
regulator  in  the  reduction  station  is  set  at  a  predetermined  pressure,  i.e., 
350  psig.  As  part  of  the  mask  assembly,  there  is  an  adjustable  demand  regu¬ 
lator  capable  of  reducing  the  pressure  from  the  reduction  station  to  approx¬ 
imately  50  psig,  (or  as  specified  by  manufacturer  of  the  particular  mask)  and 
maintaining  the  pressure  differential  throughout  the  operating  range  of  the 
chamber. 


3.2  Air  from  the  primary  air  pressurization  system  is  tied  into  the 
BIBS  to  provide  breathing  air  to  the  masks  in  case  of  contaminated  ciiairtier 
atmosphere.  Hie  secondary  air  system  is  tied  to  the  masks  in  the  event  the 
primary  fails  to  function.  A  block  and  bleed  system  is  in-line  to  prevent 
leakage  of  oxygen  into  the  system  while  breathing  air.  When  air  is  needed, 
the  block  valves  cure  closed  and  the  vent  valve  open  to  allow  any  "leaked" 

^  atmosphere,  the  air  is  then  put  on-line  to  the  masks. 


3.3  A  negative  biased  back  pressure  regulator  is  in-line  in  the  over¬ 
board  dump  subsystem.  Its  function  is  bo  control  the  differential  pressure 
between  the  mask  and  outside  atmosphere.  This  allows  the  occupant  to 
exhale  "overboard".  The  exhaust  system  is  isolated  from  other  chamber 
exhausts . 
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Section  IV 


Piping  Design,  Ocxistruction,  Cleaning  and  Inspection  Guidelines 
(Note:  Ihis  section  is  in  specification  format) 


1.  DESIGN  GUIDELINES:  Ccmponents  and  piping  shall  be  selected  to  con¬ 
form  to  the  pressure  requirements  of  ANSI  B31.1  and  for  service,  at  the 
pressure,  teiqperature  and  flow  indicated  in  Section  II,  System  Operational 
Requirements.  The  aocepteibility  of  pressure  containing  ocitcxxients  is  based 
upon  ANSI  B31.1,  paragraph  104.7,  "Pressure  Design  of  other  Pressure  Con¬ 
taining  Components".  Itie  following  extract  from  the  paragraph  is  the  basis 
of  judgement  "...  Pressure  oontaining  oonfxxients  not  covered  by  the  standards 
listed  in  Table  126.1  and  for  which  design  formulas  or  procedures  cure  not 
given  in  this  code,  may  be  used  v^ere  the  design  of  similarily,  proportioned 
and  sized  components  has  been  proven  satisfactory  by  successful  performance 
under  oon{>arable  service  conditions..."  In  addition,  oon^ponents  shall  be 
those  used  in  the  diving  industry;  if  not,  submittals  will  be  rejected. 

1.1  Material  and  equipment  installed  in  the  piping  systans  shall  be 
suitable  for  the  gases  and  liquids  oontained  and  for  the  maximum  operating 
teiqperature  and  pressures.  All  valves  shall  be  placed  so  they  can  be  easily 
reached  and  operated  by  a  man  without  the  aid  of  special  equipment,  sudi  as 
a  ladder,  or  provide  other  means  of  r«note  mechanical  operation.  Piping  and 
tubing  shall  be  protected  from  abuse  and  accidents  and  be  placed  for  ease  of 
c^ration,  maintenance  and  replacement.  All  gauges  and  indicators  shall  be 
located  for  ease  of  reading  eind  curating. 

1.2  Connections  to  Equipment:  Ttie  sc^ly  line  to  each  major  piece  of 
equipment  shall  be  equipped  with  a  cut-off  valve  and  union  to  enable  isolation 
of  the  equipment  for  repair  and  maintenance  without  interferring  with  the  oper¬ 
ation  of  other  equipment.  A  length  of  flexible  hose  shall  be  used  in  con¬ 
nections  to  reciprocating  machinery. 

1.3  Protection  to  Materials  and  Equipment:  Pipe  C¥)enings  shall  be 
closed  with  caps  or  plugs  during  installation.  Equipment  shall  be  tightly 
covered  and  protected  against  dirt,  water  and  diemical  or  mechanical  injury. 

1.4  Piping  shall  rot  run  through  nor  encroach  on  the  areas  designated 
as  passage  ways  or  working  areas  and  shall  run  only  within  the  envelopes  pro¬ 
vided. 

1.5  All  piping  shall  be  1/2"  NPs  or  larger.  Piping  unless  otherwise 
specified  shall  be  seamless  annealed  stainless  steel  conforming  to  ASIM  A312 
Type  304L  or  316L. 

1.6  All  tubing  shall  be  3/8"  or  larger.  Tubing  unless  otherwise 
specified  shall  be  seamless  annealed  stainless  steel  conforming  to  ASIM  A269 
Type  304L  or  316L. 

chesnavfa:s2«x)om 

FPO-lHF 

14  July  1982 


1.7  Flexible  hoses  shall  have  a  minimum  working  pressure  of  two  times 
the  syst^  curating  pressure  and  minimum  burst  pressure  of  three  times  the 
system  operating  pressure. 

1.8  Pressurizaticxi  piping  shall  be  sized  so  that  maximum  gas  velocity 
is  .8  mach.  "Flexible"  inserts  in  piping  shall  exist  between  the  diamber 
hull  and  the  throttling  valve. 

1.9  All  oonponents  in  the  oxygen  system  shall  conform  to  Conpressed  Gas 
Association  (GGA)  panphlet  G-4.4,  "Industrial  Practices  for  Gaseous  Oxygen 
TTctnsmission  and  Distribution  Piping  Systens". 

1.9.1  Breathing  gas  oomponents  shall  have  seats  and  seals  that  are 
suitable  for  oxygen  service. 

1.9.2  All  lubricants  shall  be  suitable  for  oxygen  service. 

1.9.3  Ocnponents  specified  as  ocnpatible  with  oxygen  shall  not  react 
with  oj^en  or  fluorinated  compounds  in  any  way  that  might  cause  generation 
of  heat  or  the  loss  of  oxygen  to  the  surrounding  atmosphere.  Such  compon¬ 
ents  shall  utilize  tetrafluorethylene,  polychlorotri floor ethylene  or  viny- 
lidene  fluoride  hexafluorc^rcpylene  seals  and  gaskets.  All  other  wetted 
parts  shall  be  stainless  steel  unless  othewise  approved. 

1.9.4  All  O2  piping  shall  be  grounded. 

1.10  Check  Valves:  All  check  valves  shall  utilize  a  soft  sealing  sur¬ 
face  pcppet  or  disc  and  spring. 

1.11  Relief  Valves:  All  relief  valves  shall  utilize  a  soft  sealing 
surface  and  be  oompatible  with  air  and  oxygen.  Hie  components  material  shall 
be  brass  or  stainless  steel.  All  relief  valves  shall  be  rated  at  a  pressure 
and  flow  rating  of  10%  over  maximum  (grating  conditions  of  the  component  or 
piping  system  which  the  relief  valve  is  installed.  Relief  valves  shall  be 
located  so  that  the  relief  valve  is  no  closer  theun  5  feet  from  the  operators. 
Relief  valves  for  edl  0-  piping  and  for  others  greater  than  1"  shall  be  piped 
to  the  outdoors.  Relief  valves  on  manned  diambers  shall  conform  to  and  be 
marked  and  stamped  in  accordance  with  ASME  Section  VIII,  Division  2;  and  they 
shall  be  sized  so  that  when  open  the  rate  of  diamber  depressurization  shall  be 
less  than  60  feet  of  sea  water  per  minute.  All  others  shall  conform  to  and 

be  marked  and  stamped  it.  accordance  with  ASME  Section  VIII,  Division  1. 

1.12  Moisture  Separator:  Hie  moisture  separator (s)  shall  be  capable 
of  removing  the  element  without  disassembling  the  body  from  the  piping.  Hie 
moisture  separator (s)  shall  be  capable  of  reducing  the  dewpoint  of  compressed 
air  to  a  -40*F. 

1.13  Filters:  All  filters  shall  be  capable  of  having  the  filter  elenent 
replaced  without  removing  solid  oontaminents  to  a  particle  size  of  15  microns 
nominal. 
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1.14  Pressure  Gauges:  Pressure  gauges/  except  as  otherwise  specified, 
shall  be  4  1/2  inch  dial  with  phosphor  bronze,  304  or  316  stainless  steel  ; 

helical  bourdon  ooil  or  tube.  The  case  shall  be  made  of  acylanitrile  i 

butadiene  styrene  plastic  and  shall  have  a  bla«ut  relief  device.  The  dial  I 

shall  be  at  least  30  percent  but  not  more  than  75  percent  greater  than  the  | 

m2uciinutn  working  pressure  of  the  line  in  v4iich  the  gauge  is  installed.  | 

Oxygen  gauges  shall  be  cleaned  and  marked  for  oxygen  service.  J 

1 

1.14.1  Provide  a  pressure  gauge  for  each  lock  externally  mounted  to 

monitor  chamber  pressure,  they  shall  have  an  8  1/2"  died  eind  shedl  be  cedi'-  I 

brated  in  feet  of  seawater  (fsw) .  The  gauges  shall  have  a  maximum  pressure 
of  250  fsw  and  shall  have  an  accuracy  of  plus  or  minus  1/4  of  1  percent.  The 
smallest  graduations  shall  be  2  fsw  with  numerical  indication  at  10  fsw  gradu¬ 
ations. 

1.14.2  Provide  a  pressure  gauge  for  each  lock  mounted  inside  the  chamber 
to  monitor  chamber  pressure.  They  shall  be  caisscxi  gauges  with  a  6”  dial 
calibrated  in  feet  of  seawater  (fsw) .  The  gauges  shall  have  a  maximum  pressure 
of  250  fsw  and  shall  have  an  accuracy  of  plus  or  minus  1/4  of  1  percent.  The 
smallest  graduations  shall  be  2  fsw  with  numerical  indications  at  10  fsw  gradu¬ 
ations.  They  shall  be  mounted  so  that  they  may  be  seen  by  the  outside  operators. 

accuracy  of  a  gauge  shall  be 


total  percentage  ao^racy  (sometimes 
cited  as  say  1%  or  1/2%  nhich  are 
equcd  values  for  this  purpose) . 

diameter  of  arc  on  which  graduation 
are  located. 

maximum  operating  pressure  (psi)  or 
depth  (fsw) . 

desired  reading  error  (psi)  or  depfh 
(fsw) . 

1.15  Pressure  Reduction  station:  Provide  each  pressure  reducing 
station  with  a  regulator,  a  strainer  in  the  entering  line,  two  blocking  valves 
and  a  globe  or  angle  bypass  valve.  Size  they  bypass  valve  to  restrict  its 


1.14.3  The  total  range  percentage  of 
numerically  less  than: 

^  _  100  DE  -2P 

r — TO — 


where: 


E 


CHEStAVFACQKXQM 

FPO-IHP 

14  July  1982 


capacity  to  approximately  that  of  the  reducing  valve.  Provide  each  pressure 
reducing  station  with  an  indicating  gauge  to  show  the  reduced  pressure  and  a 
safety  valve  on  the  low  pressure  side  with  sufficient  capacity  to  relieve  the 
high  pressure.  The  oon^xxtents  shall  be  selected  so  that  the  downstream 
pressure  is  within  the  maximum  and  minimint  pressures  cited  in  the  "System 
Operational  Requirements"  for  all  conditions  of  flow  and  upstream  pressure. 

1.16  Throttle  Valves;  The  contractor  shall  submit  to  the  Government 
the  throttle  valve  manufacturer's  "Cv  vs.  Number  of  Turns  of  Valve  Handle" 
curve.  The  "Cv  vs.  Turns"  curve  shall  be  a  straight  line  over  the  full 
range  of  Cv  valves  required^  The  slc^  of  the  "Cv  vs.  Turns"  curve  shall  be 
such  that  the  Cv  set  point  -2%  at  any  point  within  the  Cv  range  may  be  set 
within  no  more  them  20®  of  valve  heindle  turn  nor  less  than  5®  of  vedve  handle 
turn. 

1.17  Low  Pressure  Air  Coirpressor:  The  compressor  type  with  it's 
lubricant  shall  be  epproved  for  breathing  air  service.  On  the  disdiarge 
side  of  the  volume  tank,  there  shall  be  a  filter  assembly  capable  of  main¬ 
taining  air  quality  in  aooordance  with  (OGA  ^pec.  G-7) .  The  oonpressor 
package  shall  be  mounted  on  a  frame  isolated  from  the  main  equipment  frame. 

The  air  intake  shall  be  piped  from  a  location  outside  of  the  building. 

1.18  Volume  Tank;  The  air  volume  tank  shall  be  built  to  ASME-^Section 
VIII,  Division  1.  The  tank  shall  have  a  minimum  capacity  of  16  ft."^  or 
^¥>roximately  120  gallons.  The  design  working  pressure  shall  be  250  psig. 

1.19  High  Pressure  Air  Compressor  (s) ;  The  HP  air  oonpressor  shall 
have  an  electric  motor  that  is  3  phase  dual  voltage  rated  for  continuous 
service  as  prime  mover.  The  discharge  of  the  oonpressor  shall  have  a  moisture 
trap/filter  assembly  capable  of  maintaining  air  qi^ity  in  aooordance  with 
aGA-7.  The  dewpoint  of  oonpressed  air  to  storage  shall  not  exceed  -40®P.  The 
ip  air  oonpressor (s)  shall  have  the  capability  of  recharging  the  HP  air  bank 

in  no  more  than  3  hours.  The  air  intake  shall  be  piped  from  a  location  outside 
of  the  building. 

1.20  Provide  a  built-in  breathing  system  (BIBS)  for  oxygen  treatment 
and  emergency  air.  There  shall  be  four  oral-nasal  type  masks  in  the  main 
lock  and  four  oral-nasal  masks  in  the  outer  lock.  The  exhaust  of  the  masks 
shall  discharge  to  the  outside  the  building  atmosphere  with  the  aid  of  a  neg¬ 
ative  bias  back  pressure  regulator. 

1.21  Each  vent  line  (i.e.,  BIBS  exhaust,  inner  lock  vent,  outer  lock 
vent)  shall  be  dedicated  to  its  respective  system  and  piped  to  discharge  out¬ 
side  of  the  reoGTOpression  chamber  facility  building.  Vent  lines  shall  be 
provided  with  lightning  protection. 

1.22  All  vents  and  relief  valve  penetrations  internal  to  the  diambers 
shall  be  arranged  so  that  items  will  not  be  ingested  into  the  line. 
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1.23  All  powered  hull  valves  shall  be  "fail-closed". 


2.  ODNSTROCnON  GUIDELINES: 

2.1  Installation  shall  conform  to  the  requirements  of  ANSI  B31.1. 

2.2  Cutting  and  Repairing:  'Hie  new  work  shall  be  carefully  laid  out 
in  advance,  and  no  excessive  cutting  of  construction  will  be  permitted. 

2.3  Piping  shall  not  run  through  nor  encroach  on  the  areas  designated 
as  passage  ways  or  working  aureas.  Shop  drawings  shall  clearly  indicate 
operating  areas  atnd  maintenance  etreas. 

2.4  Joints  shall  be  butt  weld,  socket  weld  or  flanged  fitting.  Ihreaded 
0-ring  faced  fittings  may  be  used.  Bite  type  fittings  shall  not  be  used. 
Brazed  joints  shall  not  be  used.  Threaded  joints  shall  not  be  used.  Oxygen 
piping  shall  be  butt  welded  or  suitable  flanged  joints  may  be  used. 

2.5  All  tubing  of  a  given  diameter  shall  have  the  same  wall  thickness. 

2.6  Unions  and/or  fleinged  fittings  shall  be  placed  so  that  the  piping 
may  be  readily  disassembled  for  maintenance  purposes. 

2.7  All  valves  shall  be  placed  so  that  they  may  be  easily  reached  and 
operated  without  the  need  of  special  equipment  such  as  ladders,  reach  rods, 
etc.  Gauges  related  to  the  operation  of  valves  shall  be  efficiently  located 
with  respect  to  the  valve. 

2.8  Piping  and  tubing  shall  be  protected  from  abuse  and  accidents  and 
be  placed  for  the  ease  of  operation  and  maintenance.  Horizontal  runs  shall 
be  supported  at  intervals  net  to  exceed  100  pipe  (or  tube)  diameters;  vertical 
runs  shall  be  sup^ted  at  intervals  not  to  exceed  300  pipe  diameters.  There 
shall  be  support  in  both  directions  at  elbows. 

2.9  Identification  of  Piping:  Identify  in  accordance  with  MILSTO  101, 
using  adhesive  backed  or  snap-on  labels  and  arrows.  Apply  to  finished  paint 
or  insulation  at  intervals  of  not  more  than  50  feet.  Provide  two  oc^ies  of 
the  piping  identification  oode  framed  under  glass  and  install  where  directed. 

2.10  Valves  and  oonponents  on  lines  shall  be  independently  supported. 

In  no  case  shall  the  force  required  to  eperate  a  conponent  cause  a  deflection 
in  excess  of  1/32  inch. 

2.11  All  welding  shall  conform  to  the  requirements  of  ANSI  B31.1,  which 
in  turn  pacifies  ASMS  Section  IX,  "Melding  and  Brazing  Qualification".  The 
contractor  shall  submit  copies  of  the  following  prior  to  conducting  welding. 
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2.11.1  "Procedure  Specification",  Porm  #QW482. 

2.11.2  "Manufacturer's  Record  of  Welder  or  Welding  Operator  Qualifi¬ 
cations  Tests",  Form  #QW484.  All  welders  and  welding  operators  shall  be 
qualified  by  the  contractor.  Qualification  forms  #QW484  from  previous 
employers  of  welder  and  welding  operators  is  not  acceptable.  (See  ANSI  B31.1, 
paragraph  127.5.3(B)). 

2.12  To  facilitate  cleaning  and  hydro-testing,  each  piping  high  point 
shall  contain  a  vent,  horizontal  runs  shall  slqpe  1/16  inch  per  foot,  tre^ 
and  drain  shall  be  at  each  low  point. 

2.13  Fabricated  tees,  elbows  and  branches  shall  not  be  used. 


3.  OfANING  GUIDELINES: 

3.1  General:  Hie  oontractor  shall  be  responsible  to  clean  piping  and 
cxxnponents  as  specified  hereinafter.  Equipment,  materials,  instruments,  per¬ 
sonnel  and  laboratory  services  required  for  cleaning  and  certification  shall 
be  provided  by  the  oontractor.  Ooirponents  which  are  certified  clean  upon 
delivery  by  the  manufacturer  will  not  require  cleaning  if  the  integrity  is 
not  violated.  Components  which  have  been  shop  tested  and  certified  for  clean¬ 
liness  shall  be  isolated  from  the  system  during  cleaning  operations.  Systems 
may  be  cleaned  as  a  whole  or  in  sections  providing  all  clean  piping  is  kept 
isolated  and  free  of  contamination  while  cleaning  associated  piping. 

3.2  Cleaning  Procedure:  The  oontractor  shall  submit  his  cleaning 
procedure  to  the  Contracting  Officer  for  review.  He  shall  prepare  a  saK>le 
of  his  constructed  piping,  v*iich  shall  include  fittings,  clean  it  in  accor¬ 
dance  with  his  submitted  procedures,  test  a  gas  sample,  and  show  that  analysis 
confirms  the  gas  meets  the  cicceptance  standards  outlined  in  paragraph  3.4. 

3.3  Gas  piping  and  tubing  which  have  been  certified  clean  tiy  analysis 
of  the  gas  sample  shall  be  sealed  and  kept  free  of  contamination  until  final 
acceptance  of  the  system.  Mter  certification,  lines  shall  be  broken  only 
for  the  length  of  time  required  to  install  components.  Such  components  shall 
also  be  certified  clean. 

3.4  Gas  Sample  Analysis:  After  deeming,  hydrotesting  and  cissanbly,  a 
gas  sample  shall  be  taken  from  each  system  that  contains  gases  that  will  be 
breathed  ^  humans  and  analyzed  for  trace  contaminents.  Trace  contaminents  and 
their  maximun  limits  shall  be  in  accordance  with  the  following  table  or 
"Limits  for  Atmospheric  Constituents,  90  Day  Limit",  Appendix  E,  Breathing  Gas 
Requironents  NAVMAT  P-9290. 
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MAXIMUM  (DNQENTRATION  OF  SOME  a>f10N  OOWTAMINEWrS 
IN  HYPEraARlC  POLITIES 

(Surface  Equivalent  Values) 


Carbon  Dioxide 

1000  ppm  (3 

Carbon  Monoxide 

10  ppm 

Methane 

1000  ppm 

Methanol 

200  ppm 

Total  Hydrocarbons  (less  Metheuie) 

10  ppm 

Benzene 

1  ppm 

Hcdogenated  HydroccU^bons 

1  ppm  3 

Oil  Mist  plus  Pcurticulate  Matter 

5  mg/in 

PROHIBITIONS:  The  use  of  ein  organic  solvent 

as  a  cleaning  agent 

hibited  (typical:  petroleum  solvents,  chlorinated  hydrocarbons). 


4.  INSPECTION  GUIDELINES: 

4.1  Gener2d:  'Am  contractor  shall  perform  all  examinations,  inspections, 
and  tests  in  oonformanoe  with  ANSI  B31.1;  he  shall  complete  and  submit  all 
records  that  are  required  thereby.  Itie  contractor  shall  notify  the  Ocxitracting 
Officer  at  least  5  days  in  advance  of  all  tests.  Tests  shall  be  conducted  in 
the  presence  of  the  Contracting  Officer  or  his  duly  authorized  representative. 

4.2  Equipment,  materials,  instruments  and  personnel  required  for  the 
examination,  inspection  and  tests  shall  be  furnished  by  the  contractor.  All 
recording  instruments  and  gauges  used  shall  be  calibrated  and  certified 
accurate  by  an  independent  laboratory  normally  engaged  in  this  type  work  within 
30  days  prior  to  the  test. 

4.3  Test  procedures  and  schedules  shall  be  prepared  by  the  contractor 
and  submitted  for  approval  by  the  Contracting  Officer.  The  procedure  and 
schedules  shall  be  sufficiently  detailed  to  permit  evaluation  of  their  com¬ 
pleteness  and  sufficiency. 

4.4  Test  records  and  reports.  All  test  records  shall  be  of  a  permanent 
nature  such  as  strip  charts,  disc  charts  or  log  forms.  Test  reports  shall  be 
furnished  to  the  Contracting  Officer  before  acceptance. 

4.5  Examination  of  pressure  welds  and  welds  to  Pressure  Retaining  Com¬ 
ponents  shall  conform  to  the  following,  and  shall  supercede  the  provisions 
of  ANSI  B31.1,  Table  136.4,  "Mandatory  Minimum  Non-Destructive  Examinations 
for  Pressure  Welds  or  Welds  to  Pressure  Retaining  Conponents". 
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Weld  Type 

Buttwelds  (Girth  and  Lcwigitudinal) 
welded  Branch  CJoinections 

Fillet,  Scx:ket  Welds 


NonHJestructive  Examination 
RT 

RT  for  NPS  over  2  inches,  MT  or  FT 
for  NPS  2  inches  and  less 

PT  or  MT  all  sizes  and  thickness 


NDTCS; 


1)  All  welds  must  be  given  a  visual  examiri&tion  in  addition  to  the 
type  of  specific  ncwi-destructive  examination  specified.  Acceptance  standards 
are  those  of  American  Welding  Society.  Dl.l,  paragraph  8.15.1,  "Quality  of 
Welds" . 

2)  NPS  -  Nominal  Pipe  Size 

3)  RT  -  Radiograjdiic  Examination  (see  ANSI  B31.1,  paragraph  136.4.5) 

4)  PT  -  Liquid  Penetrant  Examination  (see  ANSI  B31.1,  paragraph  136.4.4) 

5)  MT  -  Magnetic  Partial  Examinaticxi  (see  ANSI  B31.1,  paragraph  136.4.3) 

4.6  Piping  shall  be  leak  tested  in  conformance  with  ANSI  B31.1,  para¬ 
graph  137,  "Leak  Tests".  Piping  shall  be  subjected  to  "Hydrostatic  Leak 
Tests"  (ANSI  B31.1,  paragraph  137.3)  and  "Pnuematic  Leak  Tests"  (ANSI  B31.1 
paragraph  137.4) . 

» 

4.7  Leak  Testing:  All  electrical  penetrators  shall  be  bubble  tested 
to  system  rated  pressure,  100  psig.  Acceptance  criteria  shall  be  no  bubbles 
evident.  During  hydrostatic  test,  the  maximum  test  pressure  shall  be  1  1/2 
design  pressure  or  a  pressure  that  is  calculated  to  produce  a  hoc^  stress 

in  the  pipe  equal  to  s^,  whichever  is  greatest. 
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Eteoncxnies  are  often  available  in  the  use  of  existing  equipment  in  the 
construction  of  Hyperbeuric  Facilities.  Existing  pressure  chambers,  atmos¬ 
phere  conditioning  systems  etc.  that  are  available  should  be  employed  where 
applicable.  It  is  encumbent  upon  the  Project  Managenent  to  assure  that 
equipment  meets  current  safety  quality  standards.  It  is  mandatory  that  systems 
engineered  in  say,  1982  meet  1982  standards.  It  is  irrationals  to  accept 
an  existing  chamber  built  and  conforming  to  1953  standards,  to  save  money 
as  it  is  to  build  a  new  chamber  in  1982  to  1953  standards  to  save  money. 

'therefore,  in  order  to  assure  ocxiformance  to  appropriate  standards,  the 
following  shall  be  done.  These  items  follow  the  outline  of  inspection  for  new 
chambers  as  cited  in  ASME  Section  VIII,  Divisicxi  1;  modified  to  acoommodate 
existing  equipment. 

•  Determine  if  chamber  was  ASME  stairped;  if  so  get  oqpy  to  "Data 
Report". 

•  Get  copies  of  as-built  drawings  and  calculations.  Compare  to 
chamber  to  determine  if  uncontrolled  field  changes  have  been 
made;  if  so  determine  a  course  of  action.  Update  drawings  and 
calculations. 

•  Obtain  mill  certs  or  sairple  material  -  exercise  cauticxi  with  field 
modifications. 

•  Visual  Examination 

-  Note  negative  effects  of  corrosion,  abuse  and  aging. 

-  Assure  that  viewports,  gaskets,  seals,  threads  are  adequate. 

-  UT  hull  in  areas  of  corrosion;  thickness  must  be  within 
nominal  plate  tolereUx:e. 

•  Weld  Quality 

-  Obtain  weld  procedure  and  welder  qualifications  if  not  available 
take  sanple  -  test  to  ASME  standards. 

•  NOT  Grind  all  Welds 

-  Radiograph  all  butt  welds. 

-  Dye  Pen  all  corner  welds  inside  and  outside. 

•  Hydrotest 


The  decision  tree  on  the  following  page  will  aide  in  making  a  decision  con¬ 
sistent  with  requiranents . 
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(For  Repair  Only) 


fiii':;NAVi'’Ai.'ia\K.xji>i 

Ftv-iia-' 

(  START  ) 

]4  July  1982 

Is  Chamber  Stamped, 

Data  Report? 

Yes 

Do  As-lSuiltB  ICxist? 


Any  1 

^ods? 

I 

(For 

N 

Mods  Only)  ^ 

Secticn  VI 


CHliSNAVFACENGCDM 

Ocean  Engineering  &  Construction  Project  Office 
Hyperbaric  Facilities  Division 

ASME  New  Pressure  Vessel 
Quality  Assurance 
Check-off  List 


1.  Manufacturers  Certificate  of  Authorization: 

# _ ,  expiration  date _ 

2.  User's  Design  Specification: _ 

Certification  by  Registered  Professional  Engineer; 

Najne _ ,  State  _ ,  No.  _ 

3.  Manufacturer's  Design  Report  _ 

Certification  by  Registered  Professioiial  Engineer; 

Name _ ,  State _ ,  No.  _ 

'I.  Drawings;  if _ are  available. 

Welds  conform  to  PVHO-1?  _ 

j.  C.il.cuf^itions; _ _ _  _ are  available. 

6.  Partial  Data  Reports; 


QA  Engineer  Signature _ Date 

Pressure  Vessel  Serial  # _ 
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7.  Materials 

a.  Mill  Certifications 

Initial/Date 

b.  Insixxrtion  Records 

(1)  pre-fabrication: 

o  Thickness 

o  Defects 

o  Allowed  Material 

o  Traceability 

o  Impact  'itests  (per  PVllO-l) 

o  Shells,  Heads  within  toLuance 

c.  QA  Inspection 

(1)  Materials  conform  to  certs. 

(2)  Traceability  intact. 

8.  Fabrication 

a.  Weld  Procedure  Qualifications  (coi:)ies  attached) 

b.  Welder  Qualifications  (copies  attached) 

c.  Record  of  pre-welding  inspection  «.,£  prepared  and  fitted 
joints. 

d.  Repair  Records 

e.  Post  weld  Heat  Treabnent  Records 

f .  Non-Destructive  Examination  (Test  report  attached) 

Any  rejectable  indications  remain? 

Meet  PVIlO-1  requiroinents? 

9.  Hydrostatic  Test 

a.  QA  Witness 

b.  Post  Hydrostatic  Test  Dye  Penetration  Examination 

Report  (per  PVHO-1) 

10.  Ncuneplate  and  Stamp  attached  to  vessel 

11.  Manufacturers  Data  Report  (attached)  fully  executed. 

QA  Engineer  Signature _ Date 

Pressure  Vessel  Serial  # _ 
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Piping  Systems 
Quality  Assurance 
Check-off  List 


1.  User's  Design  Specification: 

2.  Manufacturer's  Design  Report 

3.  Drawings;  # _ 

4.  Calculations;  _ 

5.  Materials 

a.  Mill  Certifications _ 

b.  Inspection  Records 

(1)  Materials  conform  to  certs _ 

(2)  Traceability  intact  _ 

6.  Fabrication 

a.  Weld  Procedure  Qualifications  (cc^ies  attached)  _ 

b.  Welder  Qualifications  (copies  attached)  _ 

c.  Repair  Records  _ 

d.  Post  Weld  Heat  Treatment  Records _ 

e.  Non-Destructive  Examination  (Test  report  attached) 

Any  rejectable  indications  remain?  _ 

f.  Location  of  piping  supports  per  specification  _ 

7.  Hydrostatic  Test  _ 

a.  QA  Witness _ 

8.  Gas  Leak  Test _ _ 

9.  Gas  Cleanliness  Report  _ _ _ _ 

10.  Calibration  Records  _ 

11.  Final  Functional  Test  Report  _ 

QA  Digineer  Signature _ Date 


Initial/Date 


are  available 
are  available 


Section  VIII 


Test  Dive  Scenario 


1.  Record  the  following  information  prior  to  oomnenceinent  of  test. 

a.  Primary  air  supply  water  volume  _ 

b.  Primary  air  sr^ly  pressure  _ 

c.  Secondary  air  supply  water  volume  _ 

d.  Seoc»v3ary  air  supply  pressure  _ 

e.  Under  static  conditions,  pressure  of 
L.P.  side  primary  pressurization  regu¬ 
lator 


2.  Using  primary  pressurization  syst«n,  dive  inner  lock  to  165  fsw. 

Maintain  a  descent  rate  of  60  fsw/min. 

a.  Output  pressure  of  primsury  regulator 
during  dive 

b.  Primary  air  supply  pressure  after 
pressurization 

c.  Record  time/depth  at  one  minute 
intervals  on  Figure  1 

3.  Ventilate  inner  lock  (demonstrating  47  scfm  flow  rate)  for  two  minutes. 

Record: 

a.  Primary  bank  pressure  _ 


4.  Dive  outer  lock  to  160  fsw  (do  not  break  seal  on  inner  lock  hatch) . 
Maintain  a  descent  rate  of  165  fsw  min. 

a.  Primary  bank  pressure 

b.  Record  time/depth  at  one  minute 
intervals  on  Figure  3 

5.  Surface  the  outer  lock  maintaining  an  ascent  rate  of  60  fsw  min.  to  10  fsw. 

a.  Record  tiroe/depth  at  one  minute 
intervals  on  Figure  3 

6.  Surface  inner  lock  from  165  fsw  to  60  fsw  maintaining  26  fsw/min.  £iscent 
rate  during  excursion.  Record  time/depth  at  one  minute  intervals  on  Figure  2. 
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7.  Surface  the  inner  lock  fron  60  fsw  to  10  fsw  maintaining  10  fsw/hiin. 
cisoent  rate.  Recxsrd  time/depth  at  cxie  minute  intervals  on  Figure  2. 

8.  Dive  inner  lock  to  165  fsw  maintaining  a  descent  rate  of  25  fsw/min. 

a.  Record  time/depth  at  one  minute 
intervcds  on  Figure  1 

b.  Recx^rd  primary  air  pressure  _ 


9.  SurfcK%  the  inner  lock  from  165  fsw  to  60  fsw  maintaining  an  ascent 
rate  of  20  fsw/min. 

a.  Record  time/depth  at  one  minute 
intervals  on  Figure  2 

10.  Change  primary  air  supply  source  from  H.P.  flasks  to  L.P.  air  conpressor 
Ventilate  inner  lock  (demonstrating  70  scfin  flow  rate)  for  2  min. 

11.  Surface  the  inner  lock  from; 

a.  60  fsw  to  55  fsw,  maintain  a 

1  fsw/nin.  ascent  rate,  record 
time/depth  at  one  minute  intervals 
on  Figure  2 

b.  55  fsw  to  20  fsw  at  60  fsw/min. 

c.  20  fsw  to  lOfsw,  maintain  a  1  fsw 
min.  ascent  rate  record  time/depth 
at  one  minute  intervals  on  Figure  2 

12.  With  secondary  air  supply  (flasks  fully  charged,  as  noted  in  1-D)  dive 
both  locks  to  165  fsw,  then  ventilate  chamber  for  1  hour  at  70  scfm.  Record. 

a.  Time  to  165  fsw 

b.  Secondary  bank  pressure  after  dive 

c.  Secondary  bank  pressure  eifter  ventilation  ~~ 


13.  With  the  chamber  at  the  surface,  demonstrate  0-  supply  to  masks  in  inner 
and  outer  locks  and  the  eibility  to  cross  over  from  0~  supply  to  secondary  air 
supply.  ^ 


Witnessed 


Date 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE  _  E  S  R: _ 

Calcs  made  by:  Calculations  for: 

Calcs  ek’d  by: - 


Contract: 


/a/a/<?  A' 

«  y^T)  ey' 


y/ 


yyy^y  yy  ' 


/^y^y^s 


y^y^yy^  'y/S"  /V^i^  xS'  V^/Cs'  ^ 

yy  yS  ^y <e  OcA/yy^  Cyy^^yZ^^y^^  ^cAy  yy' 

y^-,y  yty^y‘?:y^y''yy*^  '>y^y^  y<^^  ysft^yy. 

y/y^tf.  ys£<j>yyfy  y^~^yr  y. 


<0,  <^0 

/^<^-.-V>4S^  y^CfA/y/ 
aC>  /^<’>^ 


O  /o  /i^sS" 

yP  d:^o  /y^ 

(P  /a 

/o  /su^ 


ycf'y  < 

yo  yy^-c^r^ 


£>  /o 

yi^y  /!r<  yy  /yc<y 
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Calcs  made  by;  ///^^ 
Calcs  ek’d  by; _ 


/•/  ■g/X’/x  g 


A'y  '  C^'^yC-  '^  /‘‘ye^  ^  .Sy-y 

7^c  ^  /A /^r=j^  'yy'A, 

Ac^yy^.'  6^  A  '  A'^ ^  A' A 

y/^yr«r‘y'yyi  ^  cALAA>  ~  A ytyiAyz 

AO  /Aciy^  ^ yA'^  A^<yy  '  AA.  ^  AAyA^^^^ 

cAAA  7  -  •AA.ys  -  yAp.  ^  A/^/<^ 

A^'  y  A><^  y,  y  /ay/<^ 

Aa  -  /  yy.^y  ~  -'-  A  ~  C?.  A 

A'  T' 

/y^Ay  y//^.  /.sr^ /yo.  ^  Pe-Js' yyyyp'  y^AA 

Ay  A'  — >  A  "  f  y-AAf  rc>.  -  ,  c)32)  -  /oo-7’*‘ - 

-7/  ^/_  ^  \  /^  /  /  / 


V  c?.  '&?V  /  A 


1/  -  7  Sis'  '^7/^<rc.  /  " yA^/^- 


~,oAs)  ~  A73' 

^/■■e/ffTf-y  pCAy/y  yyy:A/ ) 


AA>yAAy  yAAA  A/^i^yAy^  yAs>r^AA  yA  y^cA^yA  A/^AA  €?A 
.  Ae^r-  yyr^^A'y^'fyy  A(^  Ayy  AAoy  yA  yA 
yy^^  y/nA^^^-pry,  St  ^  A A^  lyyyiy^^  ypy^cA  7^ 

yAA^o^  <^y^ry  S' 

AAcyAyy  y/ypyA.'  Ay/  -  A  A'  /V'^ 

yAA  ^  PA^Asycy 

ysA  -  y  A  7.  s' A 

y  ’  y<(y.  7 

y-  o.  7 

Ac  yr>^  '■  77S 
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[CHESAPEAKE  DIVISION 

1  Naval  Facilities  Engineering  Command  NOW 

I  DISCIPLINE 

PROJECT: 

Station; 

E  S  R:  Contract: 

C;ilriil;itinns  fnr  j?  A,,-^- 

c'^ 


'  ^  ,  osl^)  '  y?^yf7'  yC-^y/^ 


/e  y  i^y  'yj/'  /  ~ 

.'^1 

yocy^  /  ^  ~  yry  yy 

yy?  ^  /y>  ^  (^  ^C^yc^s^)  ( iyotx'(f  C£>y><y f'//o->^  ) 

y.p  “  py 

y'  ^ 


ys  yPs5-/ 
yyyy  yiP-s-zA. 

-  y  yy  -- 


/> 


Af/S 
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y'=  /?  AT  y^^yy^ 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE _ 

Calcs  made  by; _ date: _ 

Calcs  ek’d  by; - date; _ 


PROJECT: _ 

Station; _ 

E  S  R; _ Contract; _ 

Calculations  for; 


/}  £./  y  SZ. 

Ou/yoi^r J?30 />S /J  /^//n. 


yly^-X  y'y^^:zJ  -  3^0/  :X  (30  fsu>/^i>  ^  ^ 

/-y, 

Scy/r7 


ArS 

A^/-r  ;  y'y^/^/<^7(  /O/'u^v'S  /'/r^t'^y  ibaoA  ; 

---  ^  y'  .  ^  ^  ->  _  _  y  y 


/o 


A/C r r-7  y-  Aoy  oi  yyry's^  cyr/jyiry',,^,>^s' 

AifiS’  l/-^  m '^ /  //^ yyc'i'-x  /  Vii' yi  ^  -y^  A-y 

yAy^^^’^'y»y^<ySO/',  Syyayt^rAyr^ ^  f  A,  r  /yy7  /  ^y3?yy^yA 

Aq  y  o  y?  cAu  c  /  •''Ay  /'vVjr  A  30  y^’-  '  ',  A 
A  Ay  3 / z'}  c  <3,  y yY  ( '  t\-: '  '  z  ■ '-  r  A  /A  y  <r>tf  Ay~(Arz 

''  ■  ^  '-AAy-ry  z^3^yy.y7y^  A-'cA  y  'Az(yYy<£iA'’^y  zyy3> 


vi  yyt:<  /  Yyfyy.'f^ 

yo^  f  A/'z  'C\£.rs  iA'^  yt  A . 


Pfs 


Aej  Ayc<^ 


(Ory 

<30/  A  /C3  A  .  AVA  -  /C>yY  yc  f  X  J. 

/'/>7 


yro. 


A 


-  /y-yAA^  0\ 


6". 


.  '.  AAAy»  A  sSAoxAtA 


Soy  O  A^  Xyiyi/y^ 

'  Sr  A 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 


Calcs  made  by: 

Calcs  ek’d  by: 

VtriiUBiiiHBi 

(SzZS  /~y^zrf  1 

'X  S'>3<z  -  i 

^yzs-s"  u  f  /jy^yzo^ 

y^  ZZZ’^  . 

($  )  S'^<or  Z)^Z? 

PROJECT: _ 

Station: _ 

E  S  R: _ Contract: 

Calculations  for:  c:? 


-^y^ytz  S'y^ .  z‘^^^^yz/z' 

yOyy/zZyf  X'^-'  y  y^^  7^  ^^3^"  , 

/'ZZyyt'yrzy/A <i,0  3 .  W3'  -  ^z3^  ^rz^zzy 

y'/  y 

^^Z^yZZ^Z'y^  ' 

^zj/  /  .  zy'rZiZ)  yry  yzZCX3  yZ^S  zy 

'^c///cZfc/y  3^0  zz^Zyy 

Al/^y'  yy^z<y  3 /,y  3r/^zy/ 

d/y-yz  ^  "^yyrz' 


\/y/y  ^  yf/dy^  /^CiZyy^iZ ^  l/Zf Zd/^ZZ^ 

^Z  d>zy^^/y^  yz>ry  :  Z-Z 

,  rjT'  yzy  yzz  ’  '  >  :-  yzy  ''  '’’'y 
Ccc^3'o/3z<z  yydP  syyz'Z 

Z^o  ^yz^y^  Z 


z 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE 

HTTiTTTmBS^SQI 

mmsme^yMam 

Station:  1 

E  S  R: 

-  Contract:  1 

Calcs  made  by:  efyo^^u^yyr-i  date:  z/a/yz 

Calculations  for: 

Cairs  rk’d  by  data: 

//?*jer  lack  333 
^uter  lack  /^7  If 

Ta/cy/  ^ 


s)  manCC. 

Tlye  /a/Zouj/'f-p  <:3lae  a/)d  cyscent  /v/kr  eyre  /eylrf*? 
Iz/^n  A/^oy  /A/aers  Ho/)c/A0 a  1/“'.  //^  ^3c// A/a/j^ 

/'A  rs  c/^^cyn7Sf<o/  /Z)cyA  17)6  o a  Acr'c^Aa/u  3  er'  or/// 

Ae.  used  /o  frans/  t  /nedfca/  (k'  /(^^SAseo/^,  ^  alu^ , 
dScfut . 


//j/?£r  lack 

Jd>/uC  j  (aO  Ascu^^  ^  d  /o  /^S  Ast*J 

2S  AsuJAr,  a  /O  /OS  IcuJ 
/isce^idj  3>0  zlscU 

/O  Asoj/^  (f  /a  Ascaj 

Z  €  /^  Ast^ 

Cul^*^  lack: 


D/t/e  /OS  ^  O  lo  /oS 

/iScatifZ^  OO  ^  /CrS  Asuj  Zo  /OASOJ 


paee —  of 


ESR: _ 

Calculations  for: 


Contract: 


CHESAPEAKE  DIVISION  PROJECT:  ^  loce  ST&^L. 

Naval  Facilities  Engineering  Command  NOW  Station: _ 

DISCIPLINE  -  - 


C 

C 


C)  :^c/r/:(a  /7cn 

/\/o^e  :  Preston  JO  an<J  Pc?/ej 

(jse  p(pui  '‘Max  , 

BBed  Crane.  Tech  3c/ //'^rn  ^/O. 

/o/ier  loc.  t  ^  C3S 

/-/crac/er- yOrassc/r€  ^  ^z>^/Q 

(Bo  /is<x/y//n  (p  /BS  PcP  s.  '/S7,VS/:>sM  ^  S7./3/>siq 
AP>^  -  c57,/3*  ^77.31  ps/ 

P'  “  So>^-  7  ps/<^ 

AP  X  s  (7,76  j  ^'76 

p‘  saa.i 

asc  \  ,  y 

p/pe  dto  /  Ap  ^  ^  /.SoPo  j  //c  .02  2^7  -  JSia* 

^  ( /.(JP9  ^  .(7Z3)^  39^' 

976  Pp.c  Apy^  (0.82^  ,  .OBis)'-  9^ 

A/ot(7.  :  Max  A7/c>caj(?3/€  Cen^A/7  /s  ac^tat^/  P/x^/h  aP 

ptpe.  /vr  ras/s3a/ioc  Ao  a^r  CtBcu  /  ^ /s  as^u/t/^cZ 
ex/  f^  c?n9n?r)c£^  <q  (^7a(^e  ya/(xes  ^  and  on-e 
9o  *'  a/txjuj  <2 aery  ^  faeC. 


0c7t€r  Loc^ : 
i/c?/  =  /V7 
AP-  2n.S'^ 

P'^  ^0^-1  , 

use  - - /M  A/.ar 

/v^  ^  ps/^  *o  /  "  ^  (/.C7^9  ^ 

T^z  i 


/6S  /sen  C  /(i>3  Pscjj 

CP,  o.yc,  y.  o-yG 

.  0J3)  =  S'SS  /Ca*  A/hujL<) 

■  -  S2' 

.aa7)  =■  — 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 

DISCIPLINE 

PROJECT:  <P  7,ook 

Station: 

E  S  R-  Hnntract! 

Calcs  made  hv:  Syorrv-tan  date:  z/^/^oi 
Calcs  ek’d  by:  ._..  ..date:/ 

Calculations  for: 

o) 


//?/7er  Vo/  *  J3S 

/^  ASCU/^  <f  /O'^  y  i'.  ) 

Vi/^^  V-  V-^  yO^^' 

/^‘ '  /S’ 

AP^  '/.ys  ^  o^^3  -',  o, 


Mai<  A/JouJ 
^ojS)  -  /Z7S' 

.0/9)  *  yyc^(JSg_ 

/y\  (  y^o/,  .ozf)  •'  9<x' 

d^/7€C/t 

/  Ascu/rry  (^  /O  '/7)et  S'/  oSs^f^/^S^ 

d?^  Ascu//ir)  ^  i^O  ^OJ  ^  (cZO-y  ps/s) 

SP*’  00.7  ps/ 

P  '  P/,*/0  psfg 

AP  z  — _  =  0.0^  0,7 S 

p'  VAV<? 

2",  (o<<^01^  -079)  ~  6>0^  At  £ir//ff(Aj<rSff^'.  /)o7 

c//t/cQJ  cznd/i/An 
A?c/ ter  lock:  Vo/  «  /¥7  Af^ 

oo  AsaJ/r,  £  /OpS<*J  A  V-yS  pS/q) 

V.  P'Si^ 

P' /9'^5pS7Q  ^  y -o.es 

/j.<,*6  j  <■  /l/^  If/f). 

— ~  Jt^j"  CJ?'¥i,9,  -o/s)  •  78 'j  -* — US£ 

■S  "  /J?.a67.  .e/9)  • 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 
DISCIPLINE 


Calcs  made  bv:  (^/(^rynorn  date: 

Calcs  ek’d  by: _ date: _ 


PROJECT:  ^  Lock 

Station: _ 

E  S  R: _ Contract: _ 

Calculations  for: _ 


Pr'e^sore  /?ec/oc^/-/£>y-i 
/)  A^o/n  AAessc/n^  hAar} 

Z/^C/y^  Z^r<^^sc/rc  kSocPOyOs/^  Z^^O/DS/^  /nm 

^Cf  y /:?(//"  /^£‘SS£//C  3SO jos/^  /n/h 


/^ax  Z^Zczuj  s.  A/'^y  z>cf  x 

^  S7S  ^/=>n 


zV7 


y^j  /l/r  sSAora^C 

— -  ^  4  * 

A/o/'C  :  ZA/c/ers  '  A^///ja^{/ 

^yor<?<pc  :30'/Z/c/W)Z  ^t-  J7  ^r^ssorfyyhnxs  Zd 
/(jfS'  ^  (/Z?^  j  p/czAcpn  Ao  Zh:  /z<7/7<y/ccZ  />y 

30/7 1^X33 ,  3,(^cra^e:/Z/>^ ^ 

^  vJ?r^  eu  A 

A  ^  <y  r-  y<~  c/'  c?/^  cyt^'Af  r  Ac 

'  /9r)£:Z  /  /yfy/yr  ySr^  y9  rUf 

^Otn  Z/ynCiOtS  4  \  / I  Zn //erv^  . 


■'•re 


^  & 


zA,'y97^fy/  ZZ'^  /Zo  yy^AiscO 

A-  r  ^cZ  X  ^  yy/o  S^y 

yy  7 

z  ^  *9.s  Z' zRzoo  yyy<rAyyo/^y^y  / 

7C)  /yf/Z  ^Xarr-Ts/ 3c-  A 
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CHESAPEAKE  DIVISION 

Naval  Facilities  Engineering  Command  NOW 
DISCIPLINE 


Calcs  made  by: 
Calcs  ek’d  by: 


date: 

date: 


PROJECT: 
Station:  _ 
ESR: 


Contract: 
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Naval  Facilities  Engineering  Command  NOW 
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